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(57) ABSTRACT 

In order to construct a PLL circuit corresponding to the 
plurality of reproduction channel rates by using only a 
digital loop filter, the generation of a clock in accordance 
with the reproduction signal, of which the reproduction 
channel rate varies, is implemented with only one voltage 
control oscillator 7 in the case when the channel rate of the 
reproduction signal reproduced from the reproducer 1 varies 
at n/m of the basic channel rate at the time of recording by 
allowing the divider 6 to convert the output of the voltage 
control oscillator 7, which oscillates at the basic channel 
rate, into a reproduction clock through the n/m division. The 
control signal for controlling the voltage control oscillator 7 
is generated through the phase error detector 3 and the 
digital loop filter 4, and by constructing this digital loop 
filter 4 with a digital filter which processes using the 
reproduction clock gained through the n/m division, a PLL 
circuit with an equal loop delay and loop sensitivity for any 
data rate can be implemented where, even in the case that the 
reproduction channel rate varies at a ratio of n/m, the 
frequency characteristics vary in a similar manner accord- 
ingly. 

4 Claims, 9 Drawing Sheets 
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MULTI-RATE CLOCK GENERATOR AND discriminates the output of the first rate reproduction equal- 

MULTI-RATE DIGITAL DATA * zer 70 at &e first sample rate so as to be decoded into the 

REPRODUCING DEVICE original digital data. The first rate voltage control oscillator 

74 generates the clock of the basic frequency at the first 
5 channel rate, of which the frequency is variable due to the 

TECHNICAL FIELD voltage. The first rate phase error detector 72 detects the 

phase shift between the clock generated by the first rate 

The present invention relates to a multi-rate clock gen- voltage control oscillator 74 and the reproduction signal 

erator for generating clocks in accordance with a plurality of reproduced at the first channel rate. The first rate loop filter 

channel data rates from reproduction data gained by A/D 73 removes the high frequency component of the output of 

conversion of reproduction signals and a multi-rate digital the first rate phase error detector 72 so as to control the 

data reproducing device for reproducing recorded digital oscillation frequency of the first rate voltage control oscil- 

signals at a plurality of channel rates. lator 74 with that output. 

The second rate reproduction equalizer 75 corrects the 

BACKGROUND TECHNOLOGY frequency characteristics of the reproduction signals repro- 

In recent years a system of reproduction by varying the 15 d » ced at ! he channe * rate th * desired frequency 

number of reproduction channels and cylinder revolutions characteristics The second rate signal discnminator 76 

has been used quite often for the reproduction of recording *c output of the second rate reproduction 

• . i j • 4 f « . r . ■* r equalizer 75 at the second sample rate so as to be decoded 

tapes with different formats in a reproduction unit for ir 7 t0 the original digital data. The second rate voltage control 

digitally recorded magnetic tape. 20 osci ii ator 79 generates the clock of the basic frequency at the 

For example, as a tape format for broadcasting tasks second channel rate, of which the frequency is variable due 

which digitally record video signals, there are DVCPRO and to the voltage. The second rate phase error detector 77 

DVCPRO50, which is the high picture quality versions of detects a phase shift between the clock generated by the 

DVCPRO, Those formats have exactly the same recording second rate voltage control oscillator 79 and the reproduc- 

wave length on the tape, track pitch, track angle on the tape 25 ti° n signal reproduced at the second channel rate. The 

and number of cylinder revolutions. Total recording data rate second rate loop filter 78 removes the high frequency 

per unit hour, however, is twice as high in DVCPRO50 as in component of the output of the second rate phase error 

DVCPRO. detector 77 so as to control the oscillation frequency of the 

Therefore, recording and reproducing are carried out with second rate voltage control oscillator 79 with that output, 

one channel (two heads) at 41.85 Mbps/ch in DVCPRO 30 A reproduction data switch 80 outputs an input signal 

while recording and reproducing are carried out with two from the first rate signal discriminator 71 when reproducing 

channels (four heads) at 41.715 Mbps/ch in DVCPRO50. at the first channel rate and outputs an input signal from the 

Accordingly, data of one frame of picture signals are second rate signal discriminator 76 when reproducing at the 

recorded as 10 tracks in DVCPRO while recorded as 20 second channel rate. A reproduction clock switch 81 outputs 

tracks in DVCPRO50. 35 an input signal from the first rate voltage control oscillator 

Since formats for recording tapes DVCPRO50 and 74 when reproducing at the first channel rate and outputs an 

recording tapes DVCPRO are different in general, video tape ^ si S nal from ^ cond rate volta & e conlro] oscillator 

recorders corresponding to them, respectively, are necessary 79 whcn reproducing at the second channel rate, 

for reproducing both of them. Th e conventional magnetic tape reproduction unit con- 

In addition, it is understood that since the tape format of 40 slructed as above gyrates the clock in accordance with the 

DVCPRO50 is the same as that of DVCPRO in the track reproduction signal of the first channel rate by a PLL (Phase 

angle on the tape, the head is on track on the track of the tape ^ ckcd L°°p) circuit comprising the first rate phase error 

of DVCPRO by cutting the tape speed in half and the detcctor 72 > thc first ratc loo P filtcr 73 and thc first ratc 

revolutions in half in the video tape recorder of DVCPRO50. volta g e contro1 oscillator 74 when the reproducer 1 repro- 

rn. c , t . . c i * j i t ■ 45 duces data at the first channel rate and decodes the recorded 

Therefore, by cutting the number of cylinder revolutions . . . . . . t . - , c , . , .. 

• .i . jx c iiT * j * j fm/nnnnfn original digital data after the first rate re production equ ah zer 
and the tape speed of the video tape recorder of DVCPRO50 - A & , 6 - , t , ,. . . , - t , 

* ir j t_ j *u . u 1 /*> ■ j \ * 70 and the first rate signal discriminator 71 correct the 
in half and by reproducing with two channels (four heads) at c , , . 4 . * f A , , . 

20.8575 Mbps/ch, the DVCPRO tape can be reproduced in charactenSt f ° f u lhe re P rcductlon sl & naL u 

a convertible manner. At this time since the reproduction cn A ^ ^e same way, when the reproducer 1 reproduces the 

channel data rate is 20.8575 Mbps which is one half of 50 data at the second channel rate the clock is generated in 

41.715 Mbps, DVCPRO50 needs a clock reproduction cir- accordance with the reproduction signal of the second 

cuit and reproduction equalization circuit corresponding to channcl ratc ^ » PLL ^ hase ^ ckcd U,0 P) circuit com ; 

the two channel rates. pnsing the second rate phase error detector 77, the second 

T . 4 , „ cii j . ■ . , rate loop filter 78 and the second rate voltage control 

In a prior art two types of clock reproduction circuits and cc n * ™ n j «l i j i j , j j * »i_ 

, r . t> • * * . . 55 oscillator 79 and the original digital data are decoded at the 

reproduction equalization circuits are used by being , , i . r* *u j j »■ 

" A , , . ^ , lL . , , 4 & second channel rate after the second rate reproduction 

switched id accordance with those two channel rates An |izer 75 and ^ secQnd fa(e sJ , discri ^ inator 76 

example of such a conventional magnetic tape reproduction , e „ „. * • *• e »u - j, 

. 4 . . , . r A iL . f - c ii correct the frequency characteristics of the reproduction 

unit is described in reference to the drawing in the following. signal 

FIG. 9 shows a conventional multi-rate clock generator 60 fa the above described however> a phiralily 

and multi-rate digital data reproducing device. In FIG. 9 a of yol CQn{m{ osciIlators> hase error detectorS( lo 

reproducer 1 reproduces the digitally recorded data at the m{m and reproduction equalizers become nec essary in 

first and the second channel rates. accordance with the plurality of reproduced channel rates. 

The first rate reproduction equalizer 70 corrects the fre- 
quency characteristics of the reproduction signals repro- 65 DISCLOSURE OF THE INVENTION 
duced at the first channel rate into desired frequency char- A purpose of the present invention is to provide a multi- 
acteristics. The first rate signal discriminator 71 rate clock generator which makes it possible to generate 
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clocks in accordance with a plurality of reproduction chan- division means (from n/mel to n/m»l/2) even when the 

nel rates by a phase error detector, a voltage control oscil- reproduced channel data rate varies (for example, from 

lator and a loop filter, of which the loop delay and the loop n/m=l to n/m=l/2). Thereby, the PLL means comprising a 

sensitivity are constant irrespective of the rate. c * ock generation means, division means, phase error detec- 

Another purpose of the present invention is to provide a 5 tioo means and a digital filter means can be implemented 

, . f- • , j , . j « • ■ i . t with a single circuit construction even in the case that the 

multi-rate digUal data reproducing device which makes it duction channel rate varieSj and a mlllli _ rate clock 

possible to decode the reproduction signal into the recorded (Qr ^ ^ ^ where ^ , sensitivil and the 

original dig.lal data in accordance w,th a plurality of repro- f afe fof ^ rf ^ ^ 

duction channel rates by a reproduction equalizer, a phase f , . j-. ,j , , 

error detector, a voltage control oscillator and a loop filter. 10 A multi-rate digiUl data reproducing device according to 

. - the second aspect of the invention is a multi-rate digital data 

A multi-rate clock generator according to the first aspect reproducing device for reproducing recorded digital data in 

of the invention is a multi-rate clock generator for general- accordance ^ a phirality 0 f reproduced channel data rates, 

ing clocks in accordance with a plurality of reproduced comprising: a reproduction means for reproducing recorded 

channel data rates, comprising: a reproduction means for digila i dala at a plura ii t y of chaQne i data rates which are n/m 

reproducing the recorded digital data at a plurality of chan- (fl and ffl afe kive m } of a predetermined basic 

nel data rates which are n/m (n and m are positive integers) channe] fate; a dock ation means for generating the 

of a predetermined basic channel rate; a clock generation first dock corrcsponding t0 the basic frcquea cy of the basic 

means for generating the first clock corresponding to the channd fale of which me osciUation frequency is variable; 

basic frequency of the basic channel rate of which the an ^ division fof me ^ diyision of thc first dock in 

oscillation frequency is variable; an n/m division means for accordance with the channel data rate of the repro duction 

the n/m division ot the first clock in accordance with the means ^ as tQ ^ ^ an ^ conversion 

channel data rate of the reproduction means so as to output meang fof converti an { t si al { tted from the 

the second clock; an AyT) conversion means for converting reproduction means to a digital signal with the second clock; 

an input signal inputted from the reproduction means to a hafie QnQT detection means for detecting a phase shift 

digital signal with the second clock; a phase error detection between ^ t of the ^ conversion means and the 

means for detecting a phase shift between an output of the second dock based on me QU ^ { of the ^ nnvtnuan 

A/D conversion means and the second clock based on the means &Q ^ {Q t a hase emT s{ { . {he fifSt d[ ^ { 

output of the A/D conversion means .so as to output a phase flUer meam for si tne hase error si al witn the 

error signal; and a digital filter means for processing the sec0 nd clock; a reproducUon equalization means comprising 

phase error signal with the second clock, wherein the clock ^ di iu] fiUw mcans for occssi ^ out ut of 

generation means, the division means, me phase error detec- ^ ^ mwctskm means with the ^nd clock; and a 

tion means and the digital filter means form a PLL means by discrimination mcans for reproducing the recorded original 

controlling the oscillation frequency of the clock generation di iul data from the si a[ of the secood di ital fiUer 

means with the output signal of the digital filter means. ^ wherdn thc multi . rate digital data rcprodu cing 

According to this multi-rate clock generator, in the multi- device is characterized in that the clock generation means, 

rate clock generator for generating a reproduction clock the division means, the phase error detection means and the 

synchronized to a reproduction signal from the reproduction first digital filter means form a PLL means by controlling the 

signal gained by reproducing the recorded digital data al a oscillation frequency of the clock generation means with the 

plurality of channel data rates which is n/m (n and m are 4Q output signal of the first digital filter means and that the 

positive integers) of the basic channel rate, the second clock originally recorded data are reproduced in accordance with 

(reproduction clock) is gained by n/m division of the first a plurality of channel data rates which are reproduced by 

clock which is an output of a single clock generation means sa j d second digital filter means. 

which oscillates at the basic frequency of said basic channel According to this multi-rate digital data reproducing 

rate. Then using the second clock the reproduction signal is <5 devicCj in the device which deco des a reproduction signal 

A/D converted and a phase shift between the A/D converted varying at the plurality of channel data rates which are n/m 

digital data and the above described second clock is detected of me Dasic channel rate into the original recorded digital 

to find a phase error signal and the low frequency component dala> lhe filter means in the reprod uction equalization 

of the phase error signal is taken out by the digital filter means wnich correc ts to the frequency characteristics 

means so as to generate a control signal of the above 5Q needed for the decod j ng is constructed with the second 

described clock generation means, which generates the digilal filter meanSj of whicn me process clock the second 

second clock synchronized with the reproduction data. dock used as the reproduction clock divided to n/m. 

A loop filter used in such a PLL means is constructed with Thereby, since the frequency characteristics of the above 

a digital filter means which uses, as its process clock, the described reproduction equalizer vary with the n/m division 

second clock (reproduction clock) which is gained by the 55 ratio in a similar manner, respective constants for determin- 

n/m division of the first clock which is an output of the clock ing the filter characteristics need not be reset or readjusted 

generation means and, thereby, the frequency characteristics even when the reproduction channel rate varies so as to 

of the digital filter means vary with a division ratio of n/m automatically have the characteristics suitable for each chan- 

in a similar manner. Therefore, a multi-rate clock generator nel rate. Thereby, a multi- rate digital data reproducing 

where the loop delay and the loop sensitivity of the PLL 60 device can be implemented with only one reproduction 

means are always constant, even when the channel rate equalization means. 

varies, can be implemented with only one clock generation That is to say, in this multi-rate digital data reproducing 

means, one division means, one phase error detection means device, the frequency characteristics of the first digital filter 

and one digital filter means. and the second digital filter vary in a similar manner by 

That is to say, in this multi -rate clock generator, the 65 changing the division ratio of the n/m division means (from 

frequency characteristics of the digital filter means vary in a n/m=l to n/m«l/2) even when the reproduced channel data 

similar manner by changing the division ratio of the n/m rate varies (for example, from n/m-1 to n/m-1/2). Thereby, 
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the PLL means comprising a clock generation means, a 
division means, a phase error detection means and the first 
digital filter means as well as the reproduction equalization 
means comprising the second digital filter means can be 
implemented with a single circuit construction even in the 5 
case that the reproduction channel rate varies, and a multi- 
rate digital data reproducing device can be gained of which 
the loop sensitivity and the loop delay are constant for all of 
the channel rates. The other points are the same as in the 
multi-rale clock generator according to the first aspect of the 10 
invention. 

A multi-rate digital data reproducing device according to 
the third aspect of the invention is a multi-rate digital data 
reproducing device which corrects a reproduction signal, of 
which the amplitude fluctuates, to a desired amplitude level, 15 
even when the channel data rate of the reproduction signal 
varies, comprising: a reproduction means for reproducing 
recorded digital data at a plurality of channel data rates 
which are n/m (n and m are positive integers) of a prede- 
termined basic channel rate; a clock generation means for 20 
generating the first clock corresponding to the basic fre- 
quency of the basic channel rate of which the oscillation 
frequency is variable; an n/m division means for the n/m 
division of the first clock in accordance with the channel 
data rate of the reproduction means so as to output the 2 s 
second clock, an A/D conversion means for gaining the first 
reproduction signal by converting an input signal inputted 
from the reproduction means to a digital signal with the 
second clock; a phase error detection means for detecting a 
phase shift between the output of the A/D conversion means 30 
and the second clock so as to output a phase error signal; the 
first digital filter means for processing the phase error signal 
with the second clock; a multiplication" means for gaining 
the second reproduction signal by multiplying the first 
reproduction signal outputted by the A/D conversion means 35 
by the first control signal; an amplitude error detection 
means for detecting a difference between the second repro- 
duction signal and a predetermined target level; and the 
second digital filter means for processing the output of the 
amplitude error detection means with the second clock so as 40 
to output the first control signal, wherein the clock genera- 
tion means, the division means, the phase error detection 
means and the first digital filter means form a PLL means by. 
controlling the oscillation frequency of the clock generation 
means with the output signal of the first digital filter means. 45 

According to this multi-rate digital data reproducing 
device, it is understood that the frequency characteristics of 
the first digital filter vary in a similar manner by changing 
the division ratio of the n/m division means (first rate n/m-1 
to n/m=l/2) even when the reproduced channel data rate 50 
varies (for example, from n/m=l to n/m«l/2). Thereby, the 
PLL means comprising the phase error detection means, the 
loop filter, the oscillation frequency controller and a clock 
generation means can be realized with a single circuit 
construction even in the case the reproduction channel rate 55 
varies, and a multi-rate digital data reproducing device can 
be gained of which the loop sensitivity and the loop delay 
are constant for all of the channel rates. 

In addition, according to this multi-rate digital data repro- 
ducing device, even when a reproduction channel rate of the 60 
reproduction signal, of which the amplitude fluctuates with 
the oscillation frequency having a predetermined ratio to the 
reproduction channel rate, varies the frequency characteris- 
tics of the filter means vary in a similar manner with the 
division ratio of n/m by using the second clock as the 65 
reproduction clock, which is divided to n/m for its process 
clock, wherein the filter means for detecting the above 
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described amplitude fluctuation frequency is constructed 
with the second digital filter means. Therefore, even when 
the reproduction channel rate varies, it is not necessary to 
reset or readjust respective constants for determining the 
filter characteristics, which makes it possible to automati- 
cally detect the amplitude fluctuation frequency suitable for 
each channel rate. Thereby, a multi-rate digital data repro- 
ducing device with an amplitude fluctuation correction func- 
tion can be implemented with only one filter means. The 
other effects are the same in the multi-rate clock generator 
according to the first aspect of the invention. 

A multi-rate digital data reproducing device according to 
the fourth aspect of the invention is a multi-rate digital data 
reproducing device for detecting, from a reproduction signal 
of which the standard signal is multiplied to a predetermined 
frequency which is, when a channel data rate varies, 1/d of 
the channel data rate, the standard signal so as to detect the 
condition of the reproduced signal, comprising: a reproduc- 
tion means for reproducing recorded digital data with a 
plurality of channel data rates which are n/m (n and m are 
positive integers) of a predetermined basic channel rate; a 
clock generation means for generating the first clock corre- 
sponding to the basic frequency of the basic channel rate of 
which the oscillation frequency is variable; an n/m division 
means for the n/m division of the first clock in accordance 
with the channel data rate of the reproduction means so as 
to output the second clock; an A/D conversion means for 
converting an input signal inputted from the reproduction 
means to a digital signal with the second clock so as to gain 
the first reproduction signal; a phase error detection means 
for detecting a phase shift between the output of the A/D 
conversion means and the second clock based on the output 
of the A/D conversion means so as to output a phase error 
signal; the first digital filter means for processing the phase 
error signal with the second clock, the second digital filter 
means for processing the first reproduction signal outputted 
by the A/D conversion means with the second clock so as to 
pass a predetermined frequency which is 1/d of the channel 
data rate; and a reproduction condition detection means for 
detecting the reproduction condition of the first reproduction 
signal by detecting the signal level which passes through the 
second digital filter means, wherein the clock generation 
means, the division means, the phase error detection means 
and the first digital filter means form a PLL means by 
controlling the oscillation frequency of the clock generation 
means with the output signal of the first digital filter means. 

According to this multi-rate digital data reproducing 
device the frequency characteristics of the first digital filter 
vary in a similar manner by varying the division ratio of the 
n/m division means (first rate n/m=l to n/mol/2) even when 
the reproduced channel data rate varies (for example, first 
rate n/m=l to n/m=l/2). Thereby, the PLL means comprising 
a phase error detection means, a loop filter, an oscillation 
frequency controller and a clock generation means can be 
implemented with a single circuit construction even in the 
case that the reproducing channel rate varies, and a multi- 
rate digital data reproducing device can be gained of which 
the loop sensitivity and the loop delay are constant for all the 
channel rates. 

In addition, according to this multi-rate digital data repro- 
ducing device, even when the reproduction channel rate of 
the reproduction signal, with which a pilot signal with the 
frequency having a predetermined ratio to the reproduction 
channel rate is multiplied in frequency, varies the frequency 
characteristics of the filter means varies in a similar manner 
with a division ratio of n/m by constructing the filter means 
for detecting the above described pilot signal with the 
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second digital filter means and by using the second clock as 
the reproduction clock gained by the n/m division of the 
process clock. Therefore, even when the reproduction chan- 
nel rate varies, it is not necessary to reset or to readjust 
respective constants for determining filter characteristics, 5 
which makes it possible to automatically detect the pilot 
signal suitable for respective channel rates. Thereby, a 
multi-rate digital data reproducing device with a power 
signal detection function can be implemented with only one 
filter means. The other points are the same as in the 10 
multi-rate clock generator according to the first aspect of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the construction of a 15 
multi-rate clock generator according to the first embodiment 
of the present invention; 

FIG. 2 is a block diagram showing a concrete example of 
a digital loop filter of FIG. 1; 2 o 

FIG. 3 is a block diagram showing the construction of a 
multi-rate digital data reproducing device according to the 
second embodiment of the present invention, 

FIG. 4 is a block diagram showing a concrete example of 
a reproduction equalizer of FIG. 3; 25 

FIG. 5 is a block diagram showing the construction of a 
multi-rate digital data reproducing device according to the 
third embodiment of the present invention; 

FIG. 6 is a block diagram showing a concrete example of ^ 
a digital low pass filter of FIG. 5; 

FIG. 7 is a block diagram showing the construction of a 
multi-rate digital data reproducing device according to the 
fourth embodiment of the present invention; 

FIG. 8 is a block diagram showing a concrete example of 35 
a digital band pass filter of FIG. 7; and 

FIG. 9 is a block diagram showing the construction of a 
multi-rate clock generator and a multi-rate digital data 
reproducing device according to a prior art. 

40 

THE BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the following the embodiments of the multi-rate clock 
generator and the multi-rate digital data reproducing device ^ 
according to the present invention are described in reference 
to the drawings citing an example of a helical scan-type 
digital video tape recorder. 

First Embodiment 

50 

FIG. 1 is a block diagram showing the construction of a 
multi-rate clock generator according to the first embodiment 
of the present invention. In FIG. 1, a reproducer 1 comprises 
a rotating cylinder, a magnetic head and a reproduction 
amplifier of a helical scan-type digital video tape recorder, 55 
which corresponds to the reproduction means in the scope of 
the claims. And it is possible to reproduce at the channel rate 
of n/m of the channel rate when the digital data recorded on 
a magnetic tape are recorded by varying the number of 
cylinder revolutions and the tape speed. <jo 

A voltage control oscillator 7 is variable in the oscillation 
frequency by voltage, which corresponds to the clock gen- 
eration means for generating the first clock in the scope of 
the claims. An n/m divider 6 divides the input signal into n/m 
(n and m are positive integers) which corresponds to the n/m 65 
division means for outputting the second clock in the scope 
of the claims. 
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An A/D converter 2 converts an analog signal into a 
digital signal, which corresponds to the A/D conversion 
means in the scope of the claims. A phase error detector 3 
detects a phase shift between two signals, which correspond 
to the phase error detection means in the scope of the claims. 
A digital loop filter 4 comprises a low pass digital filter, 
which corresponds to the digital filter means in the scope of 
the claims. A D/A converter 5 as a D/A conversion means 
converts a digital signal for each sample into an analog 
signal. A reproduction clock 8 outputtcd from the n/m 
divider 6 becomes a reproduction clock outputtcd from the 
present multi-rate clock generator. 

The above described phase error detector 3, digital loop 
filler 4, D/A converter 5, voltage control oscillator 7 and n/m 
divider 6 form a PLL circuit (the PLL means in the scope of 
the claims). 

In addition, FIG. 2 is a block diagram showing an 
example of the concrete construction of a digital loop filter 
4 in the multi-rate clock generator of this embodiment. In 
FIG. 2, the reference numeral 10 denotes an input terminal 
for inputting the output signal of the phase error detector 3. 
The reference numeral 17 denotes an input terminal for 
inputting the reproduction clock (the second clock) 8. The 
reference numerals 11 and 12 denote multipliers for multi- 
plying coefficients a and b, respectively, by an input signal 
added from the input terminal 10. The reference numerals 13 
and 15 denote adders for adding two inputs to be outputted. 
The reference numeral 14 denotes 1 clock delay element for 
delaying the data by one clock of the reproduction clock 8 
inputted from the input terminal 17. The reference numeral 
16 denotes an output terminal of the digital loop filter 4. 

The operation of the multi-rate clock generator con- 
structed as in the above is described by citing an example as 
when a recording tape of DVCPRO50 and DVCPRO, which 
are digital video tape recorders for broadcasting tasks, is 
reproduced. In the following the operation is described in 
reference to FIGS. 1 and 2. 

In this embodiment, in the case when a recording tape of 
DVCPRO50 is reproduced, the cylinder of the reproducer 1 
rotates at 9000 rpm, while the channel rate of the reproduc- 
tion data which is reproduced therefrom is about 42 Mbps. 
At this time the central frequency of the voltage control 
oscillator 7 oscillates the standard clock, at 42 MHz, which 
is equal to the sampling frequency of the reproduction 
channel data rate. The n/m divider 6 outputs the reproduc- 
tion clock 8 at 42 MHz without dividing the above described 
standard clock (n, m-1). 

The A/D converter 2 converts a reproduction signal from 
the reproducer 1 to a digital signal through the sampling of 
the above described reproduction clock 8. Based on the 
output data of the A/D converter 2, the phase error detector 
3 detects a phase shift between the output data of the A/D 
converter 2 and the reproduction clock 8 so as to output a 
phase error signal in accordance with the amount and the 
direction of the phase shift. The above described phase error 
signal is inputted to the digital loop filter 4. 

The digital loop filter 4 is a low pass digital filter 
constructed of an integral circuit comprising a multiplier 12, 
an adder 13 and 1 clock delay element, and an entire band 
pass circuit with an amplification factor a comprising a 
multiplier 11 as shown in FIG. 2. That is to say, the inputted 
phase error signal is removed in the high frequency com- 
ponent by the digital loop filter 4 so that a control signal is 
outputted so as to control the frequency of the voltage 
control oscillator 7 from the digital loop filter 4. The above 
described control signal is converted from a digital signal to 



07/27/2004, EAST Version: 1.4.1 



US 6,711,228 Bl 

9 10 

an analog signal by the D/A converter 5 to be fed to the delay and the loop sensitivity are constant without readjust- 

voltage control oscillator 7. ing the frequency characteristics regarding respective repro- 

Next, in the case that a recording tape of DVCPRO is duction channel rates, 
reproduced, a head mounted on the rotating cylinder of the Though it is described above that the coefficients a, b are 
reproducer 1 is on track of the tape track, which rotates at 5 constant irrespective of the rate, a minor modification may 
4,500 rpm. Therefore, the channel rate of the reproduced be carried out for a fine adjustment of the frequency char- 
reproduction data becomes about 21 Mbps which is one half acteristics of the loop filter. In that case, however, the width 
of the case where the recording tape of DVCPRO50 is of the modified coefficients may be small and only the lower 
reproduced. At this time, even when the reproduction chan- . number of bits in the coefficient bit width may be modified 
nel rate converts into one half, the voltage control oscillator 10 so that the simplification of the circuit can be implemented 
7 oscillates the standard clock of which central frequency is by using the structure of the present invention. 
42 MHz. On the contrary, the division ratio of the n/m 

divider 6 becomes 1/2 (n=l, m-2) so that the reproduction Second Embodiment 

clock 8 is outputted at 21 MHz. FIG. 3 is a block diagram showing the construction of a 

The A/D converter 2 converts the reproduction signal 15 multi-rate digital data reproducing device of the second 

from the reproducer 1 into a digital signal through sampling embodiment according to the present invention. In FIG. 3, 

by the above reproduction clock 8. The phase error detector the reproducer 1 comprises a rotation cylinder, a head and a 

3 detects a phase shift between the output data of the A/D reproduction amplifier of a helical scan-type digital video 

converter 2 and the reproduction clock 8 based on the output tape recorder, which is able to reproduce at the channel rate 

data of the A/D converter 2 so as to output a phase error 20 of n/m of the channel recording rate at which the digital data 

signal in accordance with the amount and the direction of the recorded on the magnetic tape has been recorded by chang- 

phase shift. The phase error signal is inputted to the digital ing the number of cylinder revolutions and the tape speed, 

loop filter 4. The voltage control oscillator 7 is variable in the oscil- 

The inputted phase error signal has the high frequency 25 lation frequency due to the voltage. The n/m divider 6 is for 

components removed by the digital filter 4 so that a control the n/m division (n, m are positive integers) of the input 

signal is outputted which controls the frequency of the signal. The A/D converter 2 is for converting an analog 

voltage control oscillator 7from the digital loop filter 4. The signal into a digital signal. The phase error detector 3 is for 

control signal is converted to an analog signal from the detecting a phase shift between two signals. The digital loop 

digital signal by the D/A converter 5, which is fed to the 3Q filter 4 comprises a low pass digital filter which corresponds 

voltage control oscillator 7. to the first digital filter means in the scope of the claims. The 

In this embodiment, as described above, in the case that D / A converter 5 as a D/A conversion means converts the 

the channel rate of the reproduction signal reproduced from di S ital si S nal t0 an analo S si S nal for each sample. The 

the reproducer 1 varies at n/m of the channel recording rate reproduction clock 8 outputted from the n/m divider 6 is 

at the time of recording, it becomes possible to implement 35 used as the reproduction clock outputted from the present 

the generation of a clock in accordance with the reproduc- multi-rate clock generator. 

tion signal of which the reproduction channel rate varies The above is the same as the construction of FIG. 1 in the 
with only one voltage control oscillator 7 by using the first embodiment, of which a detailed description is omitted, 
reproduction clock 8 gained through the n/m division of the A point of difference from the first embodiment is that the 
output of the voltage control oscillator 7 which oscillates at 40 reproduction equalizer 20 which corresponds to the rep ra- 
the basic channel rate. duction equalization means in the scope of the claims and 
In addition, the control signal which controls the voltage the si S nal discriminator 21 which corresponds to the dis- 
control oscillator 7 is generated by the phase error detector crimination means in the scope of the claims are added as 
3 and the digital loop filter 4. Since those circuits are new P arts of ^ construction. 

constructed with analog circuits according to a prior art, it 45 FIG. 4 is a block diagram showing an example of a 

has been necessary to adapt the frequency characteristics by concrete structure of the reproduction equalizer 20 in the 

readjusting the respective constants of the circuits whenever multi-rate digital data reproducing device of this embodi- 

the reproduction channel rate varies or to provide filter ment. In FIG. 4, the reference numeral 23 denotes an input 

circuits in the number of the plurality of the reproduction terminal for inputting the output signal of the A/D converter 

channel rates. On the other hand, in the embodiment of the 50 2. The reference numeral 25 denotes an input terminal for 

present invention, by constructing this loop filter with the inputting the reproduction clock 8. The numerals 24A, 24B, 

digital loop filter 4, which processes using the reproduction 24C . . , 24N denote 1 clock delay elements for delaying 

clock gained through the n/m division, even when the data by one clock of the reproduction clock 8 inputted from 

reproduction channel rate varies at a ratio of n/m the the input terminal 25. The reference numerals 26, 27, 28, 29 

frequency characteristics vary in a similar manner accord- 55 and 30 denote multipliers for multiplying coefficients aO, al, 

ingly. And, at this time, the coefficients a, b of the digital a2, a3, . . . , aN by the output signals of respective 1 clock 

loop filter in FIG. 2 are constant irrespective of the rate. That delay elements 24A, 24B, 24C, . . . , 24N. The reference 

is to say, once the coefficient is determined in accordance numeral 31 denotes an adder for adding the outputs of 

with the system then it is not necessary to change even when respective multipliers 26, 27, 28, 29 and 30. The reference 

the rate varies. Without changing the coefficients a, b, by 60 numeral 32 denotes an output terminal of the reproduction 

using the clock gained through the n/m division as a pro- equalizer 20, 

cessing clock of the digital loop filter 4, the frequency In the following, the operations of the reproduction equal- 
characteristics automatically change in a similar manner in izer 20 and signal discriminator 21 are described in refer- 
accordance with the rate. Therefore, the PLL circuit corre- ence to FIGS. 3 and 4. The reproduction equalizer 20 is a 
sponding to the plurality of reproduction channel rates can 65 digital filter (the second digital filter means in the scope of 
be constructed by using only one digital loop filter 4 so that the claims) for correcting the frequency characteristics of the 
a multi-rate clock generator can be gained of which the loop output signal of the A/D converter 2 to the desired charac- 
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teristics. As a concrete construction of that, a transversal 
filter of N taps as shown in FIG. 4 may be used. Since the 
operation of the transversal filter is well known a detailed 
description is omitted, and the frequency characteristics of 
the filter are determined by the coefficients aO, al, a2, a3, . 5 
. . , aN of the multipliers 26 to 30. 

The signal discriminator 21 detects the level of the signal 
inputted from the reproduction equalizer 20 and decodes the 
originally recorded digital data from the detection result so 
as to be outputted. As an example of the processing circuit, 10 
the Viterbi decoder can be cited. 

The construction described above in this embodiment can 
achieve the following effects. As described in the first 
embodiment, the reproducer 1 is a reproducer of which the 
reproduction channel rate varies at n/m and an example of 15 
which is where the channel rate changes to 21 Mbps which 
is ¥i of the basic channel rate of 42 Mbps. A digital video 
tape recorder has the characteristics where the frequency 
characteristics of the reproduced reproduction data vary in a 
similar manner to the channel rate even when the reproduc- 20 
tion channel rate varies to x h in the same way. 

In a conventional unit, however, the reproduction equal- 
izer for correcting the frequency characteristics of the repro- 
duction signal is constructed with an analog filter therefore 
the reproduction equalizers in the number of varying repro- 25 
duclion channel rates are necessary. 

On the other hand, in order to solve this problem, in this 
embodiment, the filter circuit used for the reproduction 
equalizer 20 is constructed with a digital filter, which is 3Q 
characterized in that its processing clock is processed using 
the reproduction clock 8 gained through the n/m division. 
Thereby, even when the reproduction channel rate changes 
the frequency characteristics of the filter vary automatically 
in a similar manner in accordance with the change. At this 3S 
time the above described coefficients aO to aN are constant 
irrespective of the rate, which don't need to be changed 
according to the rate once being determined in accordance 
with the system. Therefore, a multi-rate digital data repro- 
ducing device can be provided which makes it possible to 40 
decode the reproduction data using only one PLL circuit and 
reproduction equalizer 20. 

Though it is described above that the coefficients aO to aN 
are constant irrespective of the rate, a minor modification 
may be carried out for a fine adjustment of the frequency 45 
characteristics. In that case, however, the width of the 
modified coefficients is small and only the lower number bits 
of the coefficient bit width may be modified so as to 
implement the simplification of the circuit by using the 
construction of the present invention. 50 

Third Embodiment 

FIG. 5 is a block diagram showing a construction of a 
multi-rate digital data reproducing device of the third 
embodiment according to the present invention. In FIG. 5, 55 
the reproducer 1 comprises a rotation cylinder, a head and a 
reproduction amplifier of a helical scan-type digital video 
tape recorder, which is able to reproduce at the channel rate 
of n/m of the channel recording rate at which the digital data 
recorded on the magnetic tape has been recorded by chang- eo 
ing the number of cylinder revolutions and the tape speed. 

The voltage control oscillator 7 is variable in the oscil- 
lation frequency due to the voltage. The n/m divider 6 is for 
the n/m division (n, m are positive integers) of the input 
signal. The A/D converter 2 is for converting an analog 65 
signal into a digital signal. The phase error detector 3 is for 
detecting a phase shift between two signals. The digital loop 



,228 Bl 

12 

filter 4 comprises a low pass digital filter which corresponds 
to the first digital filter means in the scope of the claims. The 
D/A converter 5 as a D/A conversion means converts the 
digital signal to an analog signal for each sample. The 
reproduction clock 8 outputted from the n/m divider 6 is 
used as the reproduction clock outputted from the present 
multi-rate clock generator. The reproduction equalizer 20 is 
a digital filter for correcting the frequency characteristics of 
the output signal of the A/D converter 2 to the desired 
characteristics. The signal discriminator 21 detects the level 
of the signal inputted from the reproduction equalizer 20 and 
decodes the originally recorded digital data from the detec- 
tion result so as to outputted. 

The above is the same as the construction of FIG. 3 in the 
second embodiment, of which the description is omitted in 
detail. A point of difference from the second embodiment is 
that the multiplier 40, which corresponds to the multiplica- 
tion means in the scope of the claims, and an amplitude error 
detector 41, which corresponds to the amplitude error detec- 
tion means in the same way, and a digital low pass filter 42, 
which corresponds to the second digital filter means in the 
same way, are added as new parts of the construction. 

FIG. 6 is a block diagram showing an example in a 
concrete construction of the digital low pass filter 42 of this 
embodiment. In FIG. 6, the reference numeral 43 denotes an 
input terminal for inputting the output signal of the ampli- 
tude error detector 41. The reference numeral 46 denotes an 
input terminal for inputting the reproduction clock 8. The 
reference numeral 44 denotes a multiplier for multiplying 
the input signal by a coefficient a. The reference numeral 47 
denotes an adder for adding two inputs. The reference 
numeral 48 denotes 1 clock delay element for delaying data 
by one clock of the inputted reproduction clock 8. The 
reference numeral 45 denotes an output terminal of the 
digital low pass filter 42. 

In the following, the operations of the amplitude error 
detector and the digital low pass filter 42 are described with 
reference to FIGS. 5 and 6. The amplitude error detector 41 
finds 4 a difference between the output signal of the A/D 
converter 2 and the desired amplitude level to be outputted 
as an amplitude error signal. And the digital low pass filter 
42 has the high frequency components of the amplitude error 
signal removed, of which the concrete construction may use 
an integral circuit comprising one clock layer element 48 
and an adder 47 as shown in FIG. 6. The operation of the 
integral circuit, of which a detailed description is omitted, is 
well known in the art and the frequency characteristics of the 
filter are determined by the coefficient a of the multiplier 44. 
Then, in accordance with the value of the amplitude error 
signal which has passed through the digital low pass filter 
42, the coefficient a is multiplied at the multiplier 40 so that 
the amplitude of the output signal of the A/D converter 2 
becomes of the desired level. 

The above described construction in this embodiment 
achieves the following effects. As for a video tape recorder 
the magnetic tape is rewound or fast forwarded at high speed 
in order to find the leading part of the tape material. At this 
time since the magnetic head is not on track on the tape 
track, the amplitude of the reproduction signal fluctuates 
with the oscillation frequency found by a product of "the 
number of cylinder revolutions per second" and "the mul- 
tiplication factor of the search speed." 

The reproducer 1 varies in the number of revolutions from 
9000 rpm to 4500 rpm, which is Vi of the former value, when 
the basic channel rate of 42 Mbps changes to the channel 
rate of 21 Mbps, which is Vi of the former value, therefore 
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it is understood that the oscillation number of the amplitude embodiment is that digital band pass filters 50, 51, which 

fluctuation at the time of a search conducted at N times the correspond to the second digital filter means in the scope of 

standard speed varies from 150N to 75-N in a similar the claims, and a signal detector 52, which corresponds to 

manner with a ratio of 1/2. tne reproduction condition detection means in the scope of 

In a conventional unit,' however, the filter circuit for s the claims are added as new parts of the construction, 

detecting the above described oscillation number from the ™ ou f ° ot show " in 5 , similar constructions of the 

.._ ? , .. . . .. .-a. . . reproduction equalizer 20 and the signal discriminator 21 as 

amplitude error signal, which is the difference between the ^ fa pjQ 3 may> of course b( f added t0 ^ circuit of 

actual amplitude and the targeted amplitude levels, is con- piG. 7 so that the reproduction data can be gained in the 

structed with an analog filter therefore the filter circuits of samc wav as m pjQ 3 

cofferent characteristics, of which the number is the same as 10 fa ^ mQ g ^ ^ ^ ^ ^ ^ 

that of the varying reproduction channel rates, have been exampk of a auction of the digital band pass 

necessary. fiUer 5Q ^ 0f 51 j in the mu lti-rate digital data reproducing 

On the other hand, in order to solve this problem in this device of this embodiment. In FIG. 8, the reference numeral 

embodiment, the filter circuit is constructed with a digital 54 denotes an input terminal for inputting the output signal 

low pass filter 42 which is characterized in that its process- 1 of the A/D converter 2. The reference numeral 60 denotes an 

ing clock is processed with the reproduction clock 8 gained mput terminal for inputting the reproduction clock 8. The 

through the n/m division. Thereby, even when the reproduc- reference numerals 62A, 62B, 62C and 62D denote adders 

tion channel rate changes the frequency characteristics of the f or adding two inputs. The reference numerals 55, 56, 57, 58 

digital low pass filter 42 automatically vary in a similar an d 59 denote multipliers for multiplying the input signal by 

manner in accordance with the change. At this time the coefficients aO, al, a2, a3 and a4. The reference numerals 

coefficient a of the multiplier 44 is constant irrespective of 63a and 63B denote 1 clock delay elements for delaying 

the rate, which need not be changed according to the rate data by 1 clock of the inputted reproduction clock 8. The 

once it is determined in accordance with the system. reference numeral 61 denotes an output terminal of the 

Therefore, a multi-rate digital data reproducing device can digital band path filters 50 and 51. 

be achieved where an amplitude fluctuation of the repro- 2 ln thc following, the operations of the digital band pass 

duclion data is detected using only one filter circuit, the filters 50 51 and tne signal discriminator 52 are described 

stabilization of the amplitude level is implemented and it ^ refercnce to ^GS. 7 and 8. The digital band pass filter 

becomes possible to decode the reproduction signal with 50 ^ a digital band pass filter for allowing the passage of the 

higher precision even when the amplitude fluctuates at the frcqucncy band, which is 1/90 (corresponding to 1/d in the 

time of search in the video tape recorder. scope of ^ claims ) of the reproduction channel rate (for 

Though it is described above that the coefficient a is example, 467 KHz when the reproduction channel rate is 42 

constant irrespective of the rate, a minor modification may Mbps). 

be carried out for a fine adjustment of the frequency char- The digital band pass filter 51 is a digital band pass filter 

acteristics. In this case, however, the width of the modified 35 f or allowing the passage of the frequency band, which is 

coef&cient may be small and only the lower number bits of 1/50 (corresponding to 1/d in the scope of the claims) of the 

the coefi&cient bit width. may be modified so that the sim- reproduction channel rate (for example, 700 KHz when the 

plification of the circuit can be implemented by using the reproduction channel rate is 42 Mbps), 

construction of the present invention. a concrete construction, an IIR (Infinite Impulse 

Fourth Embodiment 40 Rcs P onsc ) fiUer ( c y clic tv P c filtcr ) comprising 1 clock delay 

elements 63A, 63B, adders 62 A, 62 B, 62 C, 62 D and mul- 

FIG. 7 is a block diagram showing the construction of a tipliers 55, 56, 57, 58, 59 may be used as shown in FIG. 8. 

multi-rate digital data reproducing device of the fourth Though the operation of the IIR filter, of which the descrip- 

embodiment according to the present invention. In FIG. 7, tion is omitted, is well known in the art, the frequency 

the reproducer 1 comprises a rotating cylinder, a magnetic 45 characteristics of the filter are determined by the coefficients 

head and a reproduction amplifier of a helical scan-type 0 f the multipliers 55 to 59. And the signal discriminator 52 

digital video tape recorder, which is able to reproduce at the outputs the result of the discriminated condition of the 

channel rate of n/m of the channel recording rate at which reproduction signal by using the output results of the digital 

the digital data recorded on the magnetic tape has been band pass filters 50 and 51. 

recorded by changing the number of cylinder revolutions 50 The above described construction in this embodiment can 

and the tape speed. achieve the following effects. In a digital video tape recorder 

The voltage control oscillator 7 is variable in the oscil- such as DVCPRO, a pilot signal is added by using 24/25 

lation frequency due to the voltage. The n/m divider 6 is an modulations for each track of the recording signal. As types 

n/m divider for the n/m division (n, m are positive integers) of track where a pilot signal is added, there is an fl track, 

of the input signal. The A/D converter 2 converts an analog 55 where a signal is multiplied to the frequency of 1/90 of the 

signal into a digital signal. The phase error detector 3 detects channel recording rate, an £2 track, where a signal is 

a phase shift between two signals. The digital loop filter 4 multiplied to the frequency of 1/60, and an fO track, which 

comprises a low pass digital filter which corresponds to the does not undergo multiplication, which are recorded on the 

first digital filter means. The D/A converter 5, which corre- tape in the order of fO, fl, fO, £2 . . . The detailed description 

sponds to the D/A conversion means, converts a digital 60 is omitted since it is already described in "Data Compression 

signal into an analog signal for every sample. The repro- and Digital Modulation" (Nikkei Electronics Books, 

duction clock 8 outputted from the n/m divider 6 becomes a 1993.10.1#P137 to 152). The tracking condition of the head 

reproduction clock outputted from the present multi-rate reproducing at the present time point is detected using the 

clock generator. amount frequency components of fl and £2 included in the 

The above described construction is the same as in FIG. 6S reproduction signal so as to be fed back to the servo circuit 

1 according to the first embodiment, of which the detailed for controlling the tape movement, thereby implementing a 

description is omitted. The different point from the first more precise tracking. 
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As shown in this embodiment, when the reproducer 1 
changes in the channel reproduction rate to 21 Mbps which 
is Vi of 42 Mbps of the basic channel rate, it is understood 
that the frequency of the pilot signal also changes to x k in a 
similar manner. 

In a conventional unit, however, the band pass filler 
circuit for detecting this pilot signal is constructed with an 
analog filter, therefore, the same number of filter circuits of 
the different characteristics as the varying reproduction 
channel rates have been necessary. 

On the other hand, in order to solve this problem, this 
embodiment is characterized in that the filter circuit is 
constructed of the digital band pass filters 50, 51 of which 
the processing clock is processed with the reproduction 
clock 8 gained through the n/m division. Thereby, when the 
reproduction channel rate changes, the frequency character- 
istics of the filter automatically vary in accordance with the 
change in a similar manner. At this time the coefficients of 
the multipliers 55 to 59 are constant irrespective of the rate, 
which need not be changed in accordance with the rale once 
it is determined according to the system. Therefore, a 
multi-rate digital data reproducing device can be gained 
which is able to detect, with only one filter circuit, a desired 
pilot signal included in the reproduction data. 

Though it is described above that the coefficients of 
multipliers 55 to 59 are constant irrespective of the rate, a 
minor modification may be carried out for a fine adjustment 
of the frequency characteristics. Even in that case, however, 
the width of the modified coefficients may be small and only 
the lower number bit of the coefficient bit width may be 
changed so as to implement the simplification of the circuit 
by using the construction of the present invention. 

What is claimed is: 

1. A multi-rate clock generator for generating clocks in 
accordance with a plurality of reproduced channel data rates, 
comprising: 

a reproduction means for reproducing recorded digital 
data at a plurality of channel data rates which are n/m 
(n and m are positive integers) of a predetermined basic 
channel rate; 

a clock generation means for generating a first clock 
corresponding to the basic frequency of the basic 
channel rate of which the oscillation frequency is 
variable; 

an n/m division means for n/m division of said first clock 
in accordance with the channel data rate of said repro- 
duction means so as to output a second clock; 

an A/D conversion means for converting an input signal 
inputted from said reproduction means to a digital 
signal with said second clock; 

a phase error detection means for detecting a phase shift 
between the output of said A/D conversion means and 
said second clock based on the output of said A/D 
conversion means so as to output a phase error signal; 
and 

a digital filter means for processing said phase error signal 
with said second clock, 

wherein said clock generation means, said divisioo 
means, said phase error detection means and said 
digital filter means form a PLL means by controlling 
the oscillation frequency of said clock generation 
means with the output signal of said digital filter means. 

2. A multi-rate digital data reproducing device for repro- 
ducing recorded digital data in accordance with a plurality of 
reproduced channel data rates, comprising: 
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a reproduction means for reproducing recorded digital 
data at a plurality of channel data rates which are n/m 
(n and m are positive integers) of a predetermined basic 
channel rate; 

a clock generation means for generating a first clock 
corresponding to the basic frequency of the basic 
channel rate of which the oscillation frequency is 
variable; 

an n/m division means for n/m division of said first clock 
in accordance with the channel data rate of said repro- 
duction means so as to output a second clock; 

an A/D conversion means for converting an input signal 
inputted from said reproduction means to a digital 
signal with said second clock; 

a phase error detection means for detecting a phase shift 
between the output of said A/D conversion means and 
said second clock based on the output of the A/D 
conversion means so as to output a phase error signal; 

a first digital filter means for processing said phase error 
signal with said second clock; 

a reproduction equalization means comprising a second 
digital filter means for processing the output of said 
A/D conversion means with said second clock; and 

a discrimination means for reproducing the originally 
recorded digital data from the output signal of said 
second digital filter means, 

wherein said multi-rate digital data reproducing device is 
characterized in that said clock. generation means, said 
division means, said phase error detection means and 
said first digital filter means form a PLL means by 
controlling the oscillation frequency of said clock gen- 
eration means with the output signal of said first digital 
filter means and that the originally recorded data are 
reproduced in accordance with a plurality of channel 
data rates which are reproduced by said second digital 
filter means. 

3. A multi-rate digital data reproducing device for cor- 
recting a reproduction signal, of which the amplitude 
fluctuates, to a desired amplitude level, even when the 
channel data rate of the reproduction signal varies, compris- 
ing: 

a reproduction means for reproducing recorded digital 
data at a plurality of channel data rates which are n/m 
(n and m are positive integers) of a predetermined basic 
channel rate; 

a clock generation means for generating a first clock 
corresponding to the basic frequency of the basic 
channel rate of which the oscillation frequency is 
variable; 

an n/m division means for n/m division of said first clock 
in accordance with the channel data rate of said repro- 
duction means so as to output a second clock; 

an A/D conversion means for converting an input signal 
inputted from saio\ reproduction means to a digital 
signal with said second clock so as to gain a first 
reproduction signal; 

a phase error detection means for detecting a phase shift 
between the output of said A/D conversion means and 
said second clock based on the output of said A/D 
conversion means so as to output a phase error signal; 

a first digital filter means for processing said phase error 
signal with said second clock; 

a multiplication means for gaining a second reproduction 
signal by multiplying said first reproduction signal 
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outputted by said A/D conversion means by a first 
control signal; 

an amplitude error detection means for detecting a dif- 
ference between said second reproduction signal and a 
predetermined target level; and s 

a second digital filter means for processing the output of 
said amplitude error detection means with said second 
clock so as to output said first control signal, 

wherein said clock generation means, said division J0 
means, said phase error detection means and said first 
digital filter means form a PLL means by controlling 
the oscillation frequency of said clock generation 
means with the output signal of said first digital filler 
means. a5 

4. A multi-rate digital data reproducing device for 
detecting, from a reproduction signal of which a standard 
signal is multiplied to a predetermined frequency which, 
when a channel data rate varies, is 1/d of the channel data 
rate, said standard signal so as to detect the condition of the 2Q 
reproduced signal, comprising: 

a reproduction means for reproducing recorded digital 
data at a plurality of channel data rates which are n/m 
(n and m are positive integers) of a predetermined basic 
channel rate; 25 

a clock generation means for generating a first clock 
corresponding to the basic frequency of the basic 
channel rate of which the oscillation frequency is 
variable; 



an n/m division means for n/m division of said first clock 
in accordance with the channel data rate of said repro- 
duction means so as to output a second clock; 

an A/D conversion means for converting an input signal 
inputted from said reproduction means to a digital 
signal with said second clock so as to gain a first 
reproduction signal; 

a phase error detection means for detecting a phase shift 
between the output of said A/D conversion means and 
said second clock based on the output of said A/D 
conversion means so as to output a phase error signal; 

a first digital filter means for processing said phase error 
signal with said second clock; 

a second digital filter means for passing a predetermined 
frequency which is 1/d of the channel data rate by 
processing said first reproduction signal outputted by 
said A/D conversion means with said second clock; and 

a reproduction condition detection means for detecting the 
reproduction condition of said first reproduction signal 
by detecting the signal level which passes through said 
second digital filter means, 

wherein said clock generation means, said division 
means, said phase error detection means and said first 
digital filter means form a PLL means by controlling 
the oscillation frequency of said clock generation 
means with the output signal of said first digital filter 
means. 
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